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SECTION I
INTRODUCTION

During October, November and Decsinber 1966, an Ocean-
Bottom Seismograph experiment was conducted near the Kurile Islands to
evaluate the seismicity of the area and to confirm the operational worthiness
( the instrument. In addition to the recording of earthquakes, calibration
charges were fired to provide additional data for evaluation of travel times
for this region. The objective of this report is to detail the procedures
developed for the explosion program and to give the reliability of the

calihration data.

The explosive used was 120,009 1b of high-energy composition B
packed in 50-1b cubical cans (9-1/2 in. side), which was shot in ten 5.2-ton,
six 1-ton and one l.5-ton packages. These charges were exploded in a net-
- work designed to provide optimum recording cn the ocean-bottom instru-

mentation anc minimum damage to marine life. The shots were restricted
to the following conditions: daylight hours, 2 mi or more from any approaching
vessel, a minimum of 1300 fm of water depth, and/or more than 100 km

from land.
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SECTION II
METHOD
Ship Rigging — Figure 1 shows the 165-ft M/V Campeche

Seal and the special rigging necessary to accomplish the calibration

program.

CAP, BOOSTER,

& PRIMER STORAGE
WORK HOUSE

10-TON CRANE

5-TON CHARGE

POWDER BINS
METAL TANKS

BOX BUOYS

Figure 1. M/V Campeche Seal
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powder bins were constructed, each providing a 61, 600-1b or 1232-can

For powder storage, two 210-x-135-x-38-in. wood-lined -)

capacity. Caps, bnosters and primers were stored in two wood-lined
metal boxes behind the ship's superstructure. Roller conveyers were

used to move the powder 75 to 100 ft to the ioading area.

Each charge was launched from the stern of the M/V
Campeche Seal by lifting an A-frame with a 10-ton hydraulic crane
(Figure 2). The charges were placed on two 2-x-6-x-84-in. wooden skids.

When the A-frame was inclined, the charge slid into the water.

"A" FRAME

FIRING LINE
REEL

SKID SAFETY PLUG

—

Figure 2. A-Frame Assembly
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Material — Explosives used were government-furnished

property stored at the U.S. Naval Ordnance Depot in Bangor, Washington,

and delivered to tt - Naval Ordnance Depot in Seal Beach, California. Pri-

bttt et s e smone e b st T

mers, boosters and caps were obtained from the Washington state supply

center of E.I. duPont de Nemours and Co., Inc.
The material list for the calibration shots included:

¢ Firing equipment — firing line, blaster,
blasting-cap safety plug, marine geophone, 1
WWYV receiver, 6-channel galvoamplifier,
and Visicorder

e Packaging material — metal banding, nylon
line, manila rope, jet engine tanks, and
lumber

» Flotation material — nylon line, polyurethane
inflatable buoys, styrofoam blocks, and wooden
box buoys filled with styrofoam

The appendix vresents a complete inventory containing

specific material requirements.

1-Ton Charge — Each l-ton charge was constructed of two
layers of 20 cans banded to a 38-x-48-in. wooden pallet with 115 ft of 1-in.
banding (Figure 3). To allow space for primers, two 5-x-9-in. spacers
were placed ia the top and side of each charge. Two primers, two boosters

and two caps were used to{ire each of these charges.

II-3 science services division
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explosive packaged in a 4-x-5-x-9.5-ft metal tank (Figure 4). Four primers,

5.2-Ton Charge — The 5. 2-ton charge consisted of 209 cans of

four boosters, and fou: caps were placed at intervals in the mid-le two rows

of cans for charge detonation {with th: exception of E7A and E14 where three of
each component wereusedin a similar imethod), For El2, E13, E7A, and El4,
two plywood sheets were used to cover the charge, reducing o half the quantity
of banding normally used. These charges were constructed in the launch

position.

80X BUOY CAP SAFETY PLUG
PRIMER HOLES

STYROFOAM
O BUOYS [ e e

3 1 INCH
"BANDING

FIRING LINE
REEL

B 500v LING

METAL
TANK

"A" FRAME

‘ Figure 4. 5,2-Ton Charge
|
\
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Launching Technique -- A lifting harrness made of 3/4-in. dia

nyson line was looped around each l-ton charge. This line was positioned
on opnosite sides of the charge by 2-x-4-x-36-in. wooden spacers. Tnen,
a 19-ton crane was used to move each charge from the workhouse to the
stern of thie ship. As stated earlier, each charge was placed on two 2-x-6-

x-84- in. wooden skils which were on an inciirable A-"rame.

After each l-tca charge was positioned, a 300-ft, l-in.-dia
nylon buoy line was s*ttached to the lifting harness on the outboard side of

the charge.

For flotation, five 30-x-36-in., oval polyurethane surface
buoy'rs and three 10-x-20-x-36-iu. styrofoam blocks were spaced at 75-ft
intervals along the buoy line. Woundona firing-line reel adjacent to the
charge was 1 mi of Type DSA-500-31246 firing line; thiz lighitweight firing

line was used because of its comparative e:se of handling..

During early shots with the 5. 2-ton charge, the buoy line was
wrapped around the rim of the charge, resulting in a loss of approximately
30 ft of line per charge; therefore, a separate harness line was used during

the latter part of the proqram.

In addition to the flotation material used for l-ton charges,
three styrofoam blocke used for the buoy line (600 ft of 1 1/2-in. nylon line)
and a box buoy filled with styrofoam were required for the 5-ton charge.

Type DSA-500-31246 firing lir e was also used for this charge.

After either l-ton nr 5.2-ton charges were brought into launch
pneition, ihey were loaded with primers and boosters and the caps placed
in safety plugs. The cap leads were connect~d to the firing line, and both
leads and the firing line were tied to the buoy lines. During this time and
continuing througi the detonation period, radio and radar transmitting
equipment was turned off as a safety precaution to prevent premature

det rnation of the £’ ing caps.
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Buoys and line wcre thrown overboard, with the ship proceeding
at a slow speed. Some firing line was re.eased and then the caps placed in
the boosters. As the buoys began to pull against the ~harge, the crane lifted

the A-frame, launching the charge.

Detonation — The calibration charges wzre distributed in a
network (Figure 5) which provided optimum recording within the stated
restrictions. Charges were detonated from 0.5 to 0.75 mi fro.n the ship and
were 300 to 680 ft below the surface of the water. Table l presents the op-

erational and ouservational data for the complete explosion series.

It took approximately 45 sec for the l-ton charge to reach
the '300-ft extent of the buoy line and 75 sec for the 5.2-ton ¢ rarge to reach
600 ft. For the l-ton charge, the distance between ship and charge was
about 2600 ft; this distance wac increased to about 4500 ft for the 5. 2-ton charge.
When the proper distince was reachei, the ship was stopped and the following
steps initiated:

e Cap check (firing-line resistance check maaz:

from blaster through blasting caps, confirming
firivg line impedance)

e Firing line connected to blaster
e Marine geophone dropped to depth of 20 ft

¢ Blaster charged with 2000 v, and tim« cali-
bration verified from WWYV receiver

e Paper recorder started 5 sec before detonation
in order to record time of detonation, time signal
and marine geophone response

e Charge detonated

e Firing lire, buoy and buoy line retrieved

Figure 6 shows the Visicorder recording for a 5.2-ton
charge. (Time sigrals are discussed in Appendix A.)

-7 sclence services division



ue Aq pajedipur p:

‘a8 1 *0F O3 MEBINDIP I1E PUT JNT) O PridIAUGDY TP .LDT.LQL_.A—> ¥ un papiodaa
pue (uonidia>8ap J0) ‘g Xtpuaddy ‘AJojudau] [ePIIde|A 335) auoydoad auravwl B AQ PAALadal soarm sanssaad jo syeatsae dunuasaadaes s

(uonvindwod swun-jeaell)q v 30 (v1rp 33traoyiei) v
- poyldw Yl Yim suon®Indwod 2wri-idaval aaem anssaad Jo/pur eiEp 2333WoYlIe) Woa) pautrigo a3 syidap 2a3v

[

Ly
<a812yd Y1 Jo dol 3yl 01 FPTW I1¥ SJUSWIINSEAIUL 'ASPD AJdAaa ul 3] p7* 01 syidap afaey>
uol-7°G Y} puUe 3 0¥ 01 Aeandde aie syidap IBaeyd unj-| Y IBY) PAIRWIISA ST 3] *sudwaansedw yidap uo 1>.)10 Aue Jr 2 A13A pey suoip
-UGD JUPLIND “UCTIRIIPISUCD OJUI UIYE] sem (Jul] Aonq JO 3J 009 YI'm saJieyd uol-2°g 10J I} 09 Pu® dui Aonqg jo 13 0p§ Yilm saBiryd uol-1 J0) 3} &)
U1 AOnQ UCTAU 3Y1 JO 3TISTIIIDEIEYD JOIIE) DIIIIS ¥ °I[EIS ® se yOe1}3)- 07 € Suisn ‘sjuswainseaw auy| Aong WOT] PIUTWIAIIP ate sanfea yidag .
areq T°r1:22:€0 9°£0:22:€0 1:€0:22:€0 ....ocmc 0¢9 s°1 27161 b 220 s veld
pooD 9°21:¥2:22 9°€0:¥2:22 0°€0:%2:22 ....mvom 089 2°¢ 415,081 198 44 23 ¢+ v13
pooD A13A ¥ "90:6¥:22 9°€0:6¥:22 1°€0:6%:22 ....:: 089 2°s 185,801 T4 44 23 ¢ vLi3
pooD 9°€1°12:90 ¥ °€0:12:90 6°20:12:90 ....r,.«.v 089 Z°s X4 141 OF £ F 22 ¢ €13
100g <°60:0€:22 ¥°€0:0€:22 8°70:0€:22 aNCFN 089 2°s 122,061 Y{ 1534 22q ? , <13
po.D €°L0:8¥%:50 9°€0:8¥:50 .Iol.mo"mtumo aoNQ_ 089 2°s 147331 165,9% AON €1 13
1o00d 8 LOTEET 9°€0:1€:€2 0 €0 1€°€2 ....ooo_ ors 2°s 185,251 W 12.9% AON 21 w23
1o00d - suoydoanoN 6°€0:65:90 L0t 1e S1€ 0°1 B 81 L0, 9% AON 21 €3
1004q = auoydoan oN 0:¥0:52:90 eo122 S1¢e n-i 00 €51 102,.9% AON 01 |~|mw.
PooD) w.mo."mN"mN L7€0°22:€2 0°€0°€2:€2 ....m&mN (131 2°s #0,251 WSEL 5P AON 6 +3
arey - suoydoanoN 1:#0:¥¥:90 20992 0Ls 2°s LS 161 JdEEF AON 6 93
1o0d 6°¥1:60:00 9 °¥0:60 *00 0°#0:60:00 a#mtv 009 2°s 21,161 e P AON & s3
10%s¢] 1°80°€5:90 8°20:¢5:90 §°20:€£5:90 ....mnNN Ste 0t 185, 81 BxM 44 AON 8 L3
pooD 2°01:06:10 ¥ °€0:05:10 6°20:05:10 aw.om 0£9 2°s 02Z,6¥1 00 ¥ AON & 83
poon A2aA 9°60:£0:%0 ¥ °20:£0: | 0°20:€0:%0 n_oom Stie 0t TaN1d] 1088 ACN L 03
2004 2790:€€:£0 0°€0€E €0 200€2 St ot L1, 8FI 1SE € AON 9 63
arey ¥ 80:¥2:€2 14 .noqu."nN 0 €u-¥2:€2 aooNN Sit ot PO, BT 190t AON & na
r Arend (LWD) (1) (L WD) (wy) (£3)] (sucy) 3 Buoq N _‘ie] (9961) | oN
pacoay uoIdaYYy 1eAj2aY dA®M «..uE_u. .5...—00 O.ZAUQ 218 uor3ed0 ] ayeq -sog
IIPIAIISTA ﬂ_w“auom satg 228 2ansraag uorleuoldg aayem 28i1ey) a8ieyn

_—ﬂﬂoﬁntunao_ _ teuonieraadp _
]

VIVA NOILVNOLIQ IDYVHD
1 @19elL

science services division

1I-8



EVENT AND SYSTEM LOCATION CHART n
C SEA OF OKHOTSK
KURILE ISLANDS ~
NORTH PACIFIC OCEAN -
MERCATOR PROJECTION - o T
SCALE: Basad on Lat. 52° 30’ o 0° T
LEGEND: o oV :
- % Ko/ Shimg
O EVENT LOCATION QUNRECOVERED SYSTEM = \5 o
® SYSTEM LOCATION C
_l‘_lil._l_LL_L.._1|l ale b ta b Lo o bbb b b e ba bl ba b faladalyglal pla bl taly lllllllllll:lLLlJllllLllLlllJl.llﬂl w”|r°|
': [}
I~ CHIRLHOI o‘.@
\‘b - 1SLANOS '9 *"o‘r) q
g\ C \sg "1,)_ E24,
$ 0 E
468° URUPPY TS
: oE4
s [
[_ o7
s ETi T I
su's‘ - .
e :_ ° °ESOE5A
d€7
-
KUNASHIR -
> P
"ﬂmc:m v __;
N oE9 Swkis [~
E6
as3 T oS5A "'
18| - |
SlgSiA ENT|en JE10 o £
\\sz ::
E \“ ;‘
H ° e 5 - ?:
H 2 3 2& 5 ¥ 2
= -l g
A‘ Figure §
|

LM

RS EAGRRR | I S MG S SON s AL ST e e e S O PRl aetent AR TR G DA



L ?smmmr‘ 9°)
ART -
C SEA OF OKHOT SK
C .
- | .Mah‘mfl
- 48‘
o 05 'mm-vra o
- }“ ¢
L v Au/o/ Shind
TEM — \‘5 »
faletotalabaladodely lLllLllLllL—lL[lllllLl alalebadgt ol bl b pdg el bbb b bajabatals pdada et fabefadaiali
L shirv To El L34
— CMIRLKO! )
L maws o % & siz
\\’ - ‘ S €2 ¢
6 P ‘5' 28 AIEZ
\) - 1
* oE3
E oE4
STA C
of_
- o7
o s9
- 45
o "
o 5584 PACIFIC OCEAN
E8 _:
44°
fon 75
55¢E|3
oS} oE® 3 €. 0
s [ o334
T _
ENT]en an n ge
—_ ‘3'
= a2°
N u$é
s z o E ar
Figure 5. Event and System Chart
1-9/10 B
[}




S

uorjeuoldg d81eyn uol -7 °s ‘Bulpioddy IIPIODISIA

‘g 2an81 3

q,85,8%1 NS *SZ.b¥ WJ LIPT CHLAIA ¥ILVM
:NOILVOOT 1J 089 ® ADYVHD NOL 27§
9961 ‘€ YAAWIADIAA
vLd NOrlIsod
ASAVT ANWIL
« O3S 2 ‘
- - - — —
i e e i L fﬂ =
TANNVHD - i
el — — e
—— ANOHJOID o — -
> — . LD 9 c0:6¥22
3. JIND ¥ "90:6V7C . :1SVid TVILINI —
RS :NOILDJAT IFY WOLLOY LSYId womer g e — A~ —————
o - \]
TANNYHD
_— = e
a & IWIL - T
1 - — - j |
; —— e S S, v *€0: . Wi
TT"1D 0 '90%6%22 a—— - H&MW%&MQ%\MHNM S e
T :EVIdS ANIL - : — - Y
> ety PR e
rp-Cn — - - - — - — =
oy — - "LIND 0°€0:6%22
= S —- - . AMIGS zoﬁ<zo,smo/' -
e - TANNVHO . :
—_— e -~
Z5 . ¥3aisvid —- - — -

II-11/12

b s

oty AR e N AN

g AR St A, P




. p——

SECTION 11
CRITIQUE

This program was completed 5 December 1966 without a

misfire. The operational procedure gave good data results.

The ship's rigging contributed greatly to the progiam's suc-
cess. An A-frame and crane combination is recommended for future opera-

tions.

A 2000-v blaster was not capable of firing charges when

more than 1 mi of Type DSA-500-31246 firing line was used.

Rough weather conditions and the need to rely upon celestial
navigation forced some delay in schedule and uncertainty in event locations.
The vessel was stable enough that charges could be loaded in 15-ft seas as

the ship moved between locations.

11-1/2 science services division
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APPENDIX A
RELIABILITY DATA

Event timing reliability varies with Visicorder record quality
and/or time-signal reception. Record quality classification (Table 1) is
based upon both, with emphasis on time-signal interpretation. Figure A-1,
showing several time traces and their interpretation, gives additional time-
signal characteristics. Signal distortion may occur (Figure 6) due to noise,
interference, etc.; however, reliable time interpretation is possible with

detailed analysis.

Charge-depth reliability is indicated in Table 1 and discussed

at the bottom of the table.

Water depths have been computed (Figure A-2) for each event
where a geophone recording was available. Disagreements between these
and fathometer data are due to ship's drift while the fathometer was off,
Depth values in Table 1 have not been corrected for velocity gradient but
are the most reliable when computed depths are used and are the best esti-

mate with fathometer depths.

A 2- to 5-mi shotpoint-position accuracy was estimated after
considering distance to the nearest celestial fix and weather conditions dur-
ing fix, voyage traverse and at locations. Additional information on location
reliability for events and systems can be found in Special Report No. 3

(Bathymetric Report, Kurile Experiment).

Geophone data on Visicorder recordings are as reliable as
record quality. Resulting depth calculations are the most accurate for

event locations.
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SHIP y

3

\GEOPHONE

\

Note:

CHARGE
/

BUOY

Known:
)'3 RV . t3
t, = pressi 2 wave
travel time (sec)
z, = charge depth (ft)

tl + t, = total travel time
of retiacted energy (sec)

v =~ 4800 fps (uncorrected for
velocity gradient)

Results from this method are approximate values.

Method:
y ~ Vlyg) - (z))°
y/2 ~ x
: ztl*‘tz . z_l
4 2 v
byt VEYy

2 2
z + z, z\/(y4) - x

Depth accuracy

was limited because velocity gradieat was not considered, charge

depth inaccuracy was +20 fm maximum and wav~ propagation angles

were workable approximations.

Figure A-2.

Travel-Time Computations
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MATERIAL INVENTORY

A
<

aciencve services division



APPENDIX B
MATERIAL INVENTORY

MATERIAL FOR EXPLOSIVES !

1.

120,000-1b Composition B Class HE explcsive: 2400—50 1b, 9-1/2-
x 9-1/2 x 9-1/2-in. cans

60 primers: EL-637, 4x9 in., 7 ib

100 WW boosters H
100 caps with 20-ft leads

Two insulated metal explosive boxes

Two wood-lined powder bins, 210 x 135 x 38 in.

PACKAGING MATERIAL

1.

10 metal tanks, 4 x 5 x 9-1/2 {t, 209-can capacity each

2. Six 650-ft rolls of 1-in. metal banding
3. One Signode coil box: DA/14, size 114
4. One Signode crimping tool: B-1435, size 1 ré:i-s-. PH 3136
5. 200 Signode metal ~lips: No. 1i:4 OF
6. One Signode tensioner: 3A-114, PH 1146
7. One cutting tool
2. 2000 ft of 1/2-in. general-purpose nylon line
9. 751b ~f 1/4-in. manila . ze
10. Eight 10-ft roller conveyors
{
B-1 sclience services division




FLOTATION MATERIAL

1. 10 polyuretha..e buoys, 39 x 36 in.
2. Two 8 x 4 x 4-ft wooden box buoys filled with styrofoam
3. 1800 ft of 1-1/2-in. nylon line (5-ton charge buoy line)
4. 1800 ft ot L-in. nylon line (l-ton charge btuoy line)
. 42 styrofoam blocks (line buoys}, 10 x 20 x 9-ft
LUMBER
1. Lumber for one l-ton charge:
Dimensions
Qty (in. ) Use
2 2x4x36 Lifting harness spacers
3 2 x4x48 Pallet frame
2 l1x6x38
Pallet cover
4 1x12x38
2 2x6 x84 Skids
2. Lumber for one 5-ton charge:

Dimensions
in.
1x12x96
1 x12 x 108
2x6x 108
2 x 6 x 8«
1x6x36

mNnho—-o—-oblS
o

1l x2x6

Use

Side spacers
Bottom board
Top board
Slide boards
Skids

Slide-board spacers

Slide-board separators

For charge with reduced banding:

Qty Dimensions
2 1/2" x 19" x 8'

Use

Plywood top covers

science services division
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3.

Nails

a. 10 1b of Size 6 common nails

b. 10 ib of Size 10 common nails

FIRING-LINE EQUIPMENT

l.

Type 18 Tc WPR, Catalog No. 11£-0559-01 heavy-duty, 2-conductor
copper-coated steel with neoprene insulation, telephone wire. Fir-

ing capabilities: 2 mi at 2000 v

Type: Catalog No. 6145-243-8466 teiephone cable, WD 1/TT on
reel RL-.59/u, copper-coated steel stranded 2-conductor wire with

plastic insulation. Firing capabilities: 1 mi at 2000 v

Blasting cap safety plug, s*yrofoam ball with wood core. Hole for
cap drilled in wood. Nail on each side used to secure temporary tag

line and cap lead

Blaster, SIE (Southwestern Ind.ctrial Electronics) high-voltage

bluster, SCD-2000 B.., Serial No. 4669E

Marine geop.:one, HPL Model S40P (1956); 30 ir.. x 2.5 in., 12 lb;
frequency response, 0.03 v/in./sec 8 7 cps and 0.1 v/in. /sec @

15 cps; resonance frequency, 10 cps; output resistor, 500 ohms

WWYV receiver, Specify Products Inc. Model No. WWVT 5-band

receiver

Visicorder, Minneapolis Honeywell, Inc., Model No. %J6, 12-chan-

nel paper recorder

6-channel galvo-amplifier, Minneapolis Honeywell, Inc.

B-3/4 science services division
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exploded in i network designed to provide optimum recording on the ocean-bottormy
instruments and minimum dam-ge to marine life. The shots were restricted to
the following conditions: daylight hours, 2 mi or more from any approaching
vessel, a minimum of 13000 fm of water depth, and/or more than 100 km from
land.

The operationel procedure gave good data results.

The ship's rigging contributed greatly to the program's success. An A-framef
and crane combination is recommended for future operations. K’\
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